Introduction {#sec1_1}
============

Coronavirus disease-19 is a pandemic viral illness that typically presents with respiratory symptoms and is caused by a newly discovered coronavirus, known as severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), previously known as 2019-nCoV \[[@B1]\]. In December 2019, the outbreak started in Wuhan, a city in China, then spread globally. In March 2020, the World Health Organization declared it a pandemic \[[@B2]\]. The disease severity extends from mild to severe, and even death in some cases. The severity and complications are more in patients with risk factors or other comorbidities such as hypertension, diabetes, cardiovascular disease, cerebrovascular disease, chronic obstructive pulmonary disease, or chronic kidney disease \[[@B3]\]. Although some studies showed that the risk of complications among cancer patients is increased, the impact of the disease on cancer patients or other hematological neoplasms is still controversial \[[@B4], [@B5]\].

Here we report a case of COVID-19 pneumonia in a 65-year-old male with chronic myeloid leukemia, on dasatinib, complicated by a neutropenic fever and acute respiratory distress syndrome (ARDS).

Case Presentation {#sec1_2}
=================

A 65-year-old male with accelerated phase chronic myelogenous leukemia (AP-CML) presented to the emergency department with a 3-day history of febrile sensation (not measured by the patient) and progressive shortness of breath, mainly with exertion. Also, he had had a productive cough with a small amount of yellowish sputum and intermittent pleuritic chest pain for a few days. He denied any history of runny nose, sore throat, loss of smell or taste sense, night sweating, or weight loss. There was no history of contact with sick patients, especially with COVID-19, nor recent travel.

He had had AP-CML for 4 years, currently in major molecular remission, and the latest BCR-ABL level was 0.04%; he was on dasatinib 140 mg but decreased to 100 mg because he had pancytopenia, which was resolved after adjusting the dose. Also, he had a chronic right-sided small loculated pleural effusion which was attributed to dasatinib (Fig. [1](#F1){ref-type="fig"}).

On arrival to the emergency department, he was febrile, and his recorded temperature was 38.4°C. He had an oxygen saturation (SpO~2~) of 94% on 6 L via a nonrebreather mask, a respiratory rate of 19 breath per minute, a heart rate of 104 beats per minute, and a blood pressure of 138/79 mm Hg. He was conscious, oriented, and feeling well. Breath sounds were decreased on the bilateral lower lung fields with a coarse crepitation in the right middle to lower zones. The examination of other systems was unremarkable.

Laboratory findings (on the admission day) showed pancytopenia, increased PTT, INR and elevated D-dimer. The liver and kidney functions were normal. C-reactive protein level was elevated and LDH level was normal (Table [1](#T1){ref-type="table"}).

The chest X-ray showed bilateral lower lobe collapse and consolidation with pleural effusion, more noted on the left side, which is increased compared to baseline (Fig. [2](#F2){ref-type="fig"}). Considering the patient\'s background, clinical presentation and the current pandemic, we tested him for COVID-19 and it came back positive.

Chest computed tomography (CT) showed bilateral pleural effusions evident on the left side with lower lobe subsegmental collapse and consolidation as a consequence as well as likely right anterior empyema formation and bilateral lower lung lobe post-inflammatory changes (Fig. [3](#F3){ref-type="fig"}, [4](#F4){ref-type="fig"}). There was no growth in blood nor sputum cultures. Also, acid fast bacilli smears and PCR were negative.

The patient was admitted with neutropenic fever and COVID-19 and was initially started on hydroxychloroquine 400 mg orally daily, azithromycin 500 mg p.o. daily, oseltamivir 150 mg p.o. b.i.d., based on local COVID-19 management protocol, and piperacillin/tazobactam 4,500 mg i.v. every 8 h. Dasatinib was kept on hold as recommended by the hematology team.

Diagnostic thoracocentesis was done to rule out other underlying causes, 500 mL was removed, and a drain was inserted. Pleural fluid analysis showed exudative lymphocytic pleural effusion and negative acid fast bacilli smears, PCR and cultures.

On day 4, he started to improve, and he was off oxygen; his SpO~2~ was 95% on room air. However, he became more neutropenic (Table [2](#T2){ref-type="table"}).

On day 8, he had dyspnea after coming back from the bathroom, and became tachypneic (respiratory rate: 43 breaths per minute) and tachycardic (heart rate: 115 beats per minute), requiring 10 L of oxygen via the nonrebreather mask to maintain his SpO~2~ level above 94%. Chest auscultation showed diffuse bilateral crackles, and there were no signs of fluid overload. Arterial blood gas results were pH 7.48 (normal range: 7.35--7.45), pO~2~ 63 mm Hg (normal range: 83--108), HCO~3~ 27.4 mmol/L (normal range: 23--27) and pCO~2~ 34 mm Hg (normal range: 35--45). The patient was given oxygen and salbutamol nebulization but without significant improvement. The repeated chest X-ray (Fig. [5](#F5){ref-type="fig"}) showed bilateral infiltrations and his calculated PaO~2~/FiO~2~ ratio = 143 (PaO~2~: 63 on 6 L oxygen, FiO~2~ 44%). Cardiac causes have been ruled out, so he fulfilled the ARDS criteria. Moreover, he was still neutropenic, and his ferritin, LDH and triglyceride levels were elevated (Table [3](#T3){ref-type="table"}). So, the patient was transferred to the intensive care unit.

The infectious disease team recommended to manage him as a case of severe COVID-19 pneumonia complicated by ARDS, which might be due to a cytokine storm. Therefore, they added ritonavir plus lopinavir 500 mg orally daily for 14 days, tocilizumab 400 mg i.v. single dose, and methylprednisolone 40 mg i.v. every 12 h for 5 days, and BiPAP has been applied to improve his SpO~2~ level. After a few hours, he started to improve with this regimen, so he was shifted back to a simple face mask, and gradually the amount of oxygen has decreased. The repeated ABG showed an improvement in pO~2~ (100 mm Hg).

On day 12, the chest X-ray was repeated and showed satisfactory lung field expansion with no significant interval change regarding the bilateral airspace opacities. Right-sided pleural effusion is still noted with progression in the segmental right lower lung zone collapse (Fig. [6](#F6){ref-type="fig"}).

After completion of the treatment, he has gradually improved, and his SpO~2~ is 98% on ambient air. However, his ANC is fluctuating between 0.4 and 1.8 × 10^3^/μL and he was on daily filgrastim (Fig. [7](#F7){ref-type="fig"}), so dasatinib has not been started yet. He is still in the hospital but off medications and waiting for his repeated PCR to be negative for discharge. The latest one was done on day 30 (Table [4](#T4){ref-type="table"}).

Discussion {#sec1_3}
==========

Chronic myeloid or myelogenous leukemia (CML) is a myeloproliferative neoplasm which is defined as uncontrolled and dysregulated production of mature myeloid cells, mainly granulocytes. It results from acquired abnormal chromosomal translocation, t(9; 22), known as the Philadelphia chromosome, which contains the BCR-ABL1 fused gene and produces BCR-ABL1 fusion protein with abnormal tyrosine kinase activity \[[@B6]\]. It has three phases: chronic, accelerated, and blast. Tyrosine kinase inhibitors (TKIs) such as dasatinib, nilotinib, and bosutinib are the first-line treatment \[[@B7]\].

Some studies reported that dasatinib per se might induce immunosuppression and increases the risk of infection and recurrent respiratory infection, which increases the utilization of health care resources \[[@B8], [@B9], [@B10], [@B11]\]. However, another study showed that there is no strong evidence that dasatinib could increase the risk of infection in CML patients in the chronic phase \[[@B12]\].

Moreover, it has been shown that TKIs have some antiviral activity by inducing an immune response and a cytotoxic activity against cytomegalovirus and decrease human immunodeficiency virus replication (in vitro) \[[@B13]\]. Also, they inhibit SARS and MERS coronaviruses replication (in vitro) \[[@B14]\]. So, the risk of infection in patients with CML on dasatinib is debatable.

SARS-CoV-2 is a zoonotic beta coronavirus, like MERS and SARS-CoV-1, which causes a respiratory illness known as COVID-19. Most cases are simple with mild symptoms such as fever, fatigue, and dry cough \[[@B15]\]. However, some cases are severe and might be complicated by ARDS leading to mechanical ventilation. Although the disease could be severe and the complications are more frequently found among patients with comorbidities, such as hypertension and respiratory and cardiovascular system diseases \[[@B16]\], there is no evidence that hematological neoplasms such as CML, even if they are on TKIs, might place the patient at high risk for COVID-19 and its complications.

The main findings of COVID-19 pneumonia on lung CT images are bilateral, subpleural, ground-glass opacities with air bronchograms and ill-defined margins \[[@B17]\]. In contrast, pleural effusion, septal thickening, segmental consolidation, and absence of ground-glass opacities are uncommon and atypical findings \[[@B18]\]. Our patient has dasatinib-related pleural effusion \[[@B19]\], but on admission day, it was increased, and this might be due to COVID-19 pneumonia.

Lymphopenia is the most common laboratory finding. However, leukocytosis and leukopenia have been reported \[[@B19], [@B20]\]. Thrombocytopenia is more common in patients with critical diseases, and it could distinguish between mild and severe cases \[[@B21]\]. Some patients might develop cytokine storm or secondary hemophagocytic lymphohistiocytosis, which is characterized mainly by cytopenias and hyperferritinemia plus the other features \[[@B22]\]. Usually, these complications occur after a few days of disease onset and being on immunosuppressive medications could have a protective value \[[@B23]\].

Our patient was found to have pancytopenia and febrile neutropenia on the day of admission, a reported side effect of dasatinib \[[@B24]\]. The patient initially started to improve after stopping the medication and starting the antibiotics, but on day 8, he suddenly deteriorated and developed ARDS and became more neutropenic, which is most likely due to severe COVID-19 pneumonia as it improved after administrating COVID-19 pneumonia medications, applying BiPAP, and giving one dose of tocilizumab.

While there is no evidence-based protocol for COVID-19 management, so far, we started the management based on our local protocol for a high-risk group. We administered him, initially, hydroxychloroquine, azithromycin, and oseltamivir, since there is a study showing that these combinations might have a role in viral eradication \[[@B25]\]. After a few days of improvement, he developed ARDS, which might be due to a severe COVID-19 cytokine storm, so the infectious disease team administered him tocilizumab, steroid, and other antiviral medications \[[@B26]\]. This rapid improvement supports our diagnosis of cytokine storm. However, we did not confirm the diagnosis by sending the level of interleukins because they are not available in our hospital. Also, the patient findings were not corresponding with a diagnosis of hemophagocytic lymphohistiocytosis and bone marrow aspiration was not done as the patient has improved.

The available data on COVID-19 in CML patients are very limited, and the recent recommendations are to manage them as healthy persons, especially if they are stable, as CML does not increase their risk of complications. Although there is a study about the prevalence of COVID-19 in CML patients, it is a preprint and has not been peer-reviewed yet. It showed that the risk of death is higher in patients with other comorbidities, and patients who failed to respond to CML treatment are more symptomatic \[[@B27]\].

To the best of our knowledge, this is the first case report in the literature about COVID-19 in AP-CML patient on dasatinib complicated by febrile neutropenia and ARDS.

Conclusion {#sec1_4}
==========

We would like to highlight the importance of early admission and early treatment of CML patients with COVID-19, even if they present with mild symptoms or initially improved, and especially if they are on chemotherapy medications. Also, we emphasize the importance of the introduction of supportive management (oxygen with BiPAP, tocilizumab with pulse methylprednisolone) to control cytokine storm and other complications.

Although ground-glass opacities are the typical radiological features of COVID-19, it could be presented with other radiological findings like unilateral or bilateral pleural effusion and might be complicated by ARDS as in our case.
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![PA chest X-ray shows a pleural-based well-defined opacity which is noted at the lateral aspect of the right lower lung zone, mostly representing loculated pleural effusion.](cro-0013-0569-g01){#F1}

![PA erect chest X-ray shows bilateral lower lobe collapse and consolidation with pleural effusion, more noted on the left side.](cro-0013-0569-g02){#F2}

![CT of the chest shows bilateral pleural effusions evident on the left side with a consequent lower lobe subsegmental collapse and consolidation.](cro-0013-0569-g03){#F3}

![CT of the chest shows bilateral pleural effusions evident on the left side with a consequent lower lobe subsegmental collapse and consolidation.](cro-0013-0569-g04){#F4}

![AP chest X-ray shows no significant changes in his bilateral consolidations and infiltrations.](cro-0013-0569-g05){#F5}

![AP chest X-ray shows satisfactory lung field expansion with no significant interval change regarding the bilateral airspace opacities.](cro-0013-0569-g06){#F6}

![Shows the fluctuating level of ANC during the hospital course.](cro-0013-0569-g07){#F7}

###### 

Laboratory test results on the day of admission

  Laboratory testing on the day of admission   Value          Normal range
  -------------------------------------------- -------------- --------------
  CBC                                                         
    WBC                                        3.8×10^3^/µL   4--10
    Lymphocytes                                2.8×10^3^/µL   1--3
    ANC                                        0.9×10^3^/µL   2--7
    Hgb                                        7.5 g/dL       13--17
    Platelets                                  42×10^3^/µL    150--400
  Coagulation                                                 
    PT                                         14 s           9.4--12.5
    INR                                        1.2 s          \<1.1
    APTT                                       39.2 s         25.1--36.5
    D-dimer                                    3.41 mg/L      0.00--0.49
  Inflammatory marker                                         
    CRP                                        74.6 mg/L      0.0--5
  Others                                                      
    LDH                                        192 U/L        135--125
    Lactic acid                                0.7 mmol/L     0.5--2.2

###### 

Laboratory test results on day 4

  Laboratory testing on the day of admission   Value          Normal range
  -------------------------------------------- -------------- --------------
  CBC                                                         
    WBC                                        2.2×10^3^/µL   4--10
    Lymphocytes                                1.6×10^3^/µL   1--3
    ANC                                        0.5×10^3^/µL   2--7
    Hgb                                        8.7 g/dL       13--17
    Platelets                                  42×10^3^/µL    150--400

###### 

Laboratory test results on the day of deterioration (day 8)

  Laboratory testing on the day of admission   Value           Normal range
  -------------------------------------------- --------------- --------------
  CBC                                                          
    WBC                                        1.8×10^3^/µL    4--10
    Lymphocytes                                0.4×10^3^/µµL   1--3
    ANC                                        0.5×10^3^/µL    2--7
    Hgb                                        8.6 g/dL        13--17
    Platelets                                  44×10^3^/µL     150--400
  Coagulation                                                  
    PT                                         12 s            9.4--12.5
    INR                                        1.1 s           \<1.1
    APTT                                       40 s            25.1--36.5
    D-dimer                                    6.38 mg/L       0.00--0.49
  Inflammatory marker                                          
    CRP                                        295.4 mg/L      0.0--5
    7Ferritin                                  1,199 µg/L      33--553
  Others                                                       
    LDH                                        429 U/L         135--125
    Lactic acid                                2.2 mmol/L      0.5--2.2
    Procalcitonin                              2.87 ng/mL      \<0.5
    Triglyceride                               2.9 mmol/L      \<1.7

###### 

Results of subsequent SARS-CoV-2 PCR tests

  Day of admission   Result
  ------------------ ----------
  Day 1              Positive
  Day 9              Positive
  Day 12             Positive
  Day 19             Positive
  Day 26             Negative
  Day 27             Positive
